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Jonathan D. Woody, MD, Navyash Gupta, MD, and Michel S. Makaroun, MD, Pittsburgh, Pa
The advent of endovascular therapy has had a profound
impact on repair of abdominal aortic aneurysms (AAAs). As
stent graft technology improves and practitioners become
more facile with endovascular therapy, an ever-increasing
number of aneurysm patients can be treated with this
modality. However, serious anatomic limitations to endo-
vascular aortic aneurysm repair (EVAR) remain, mostly
related to characteristics of proximal neck anatomy.1 Nu-
merous reports describe difficulties applying EVAR to an-
eurysms with “hostile-neck” anatomy, including neck an-
gulation,2-6 neck length,1,3,5-8 associated thrombus,4 and
complex morphology.3 Conversely, there are reports of
successful EVAR treatment, using specialized grafts, with
neck thrombus,9 short necks,10,11 and angulation11. Prob-
lems encountered with hostile-neck anatomy include an
inability to form a proximal seal with subsequent type I
endoleak, graft migration, thrombosis or dissection of the
renal arteries, renal or distal embolization, and hemorrhage
from excessive manipulation or overdilation.
As more endovascular devices become available, partic-
ular devices can be selected that best suit the anatomy of
each patient. In theory, an endovascular graft with active
neck fixation and an unsupported body such as the Ancure
graft (Guidant Endovascular Solutions Inc, Menlo Park,
Calif) would be suited for patients with hostile-neck anat-
omy. We tested this hypothesis on selected patients with
compromised necks after the commercial release of the
endograft. This study was undertaken to review our expe-
rience with this application.
METHODS
Study methodology and design was reviewed and ap-
proved by the University of Pittsburgh Institutional Review
Board.
All patients treated with EVAR from October 1999 to
July 2002 were retrospectively identified from a prospective
database maintained by the division of vascular surgery.
This time period followed commercial release of the Ancure
endograft, allowing EVAR in patients with suboptimal
neck anatomy previously excluded from clinical trials. Ad-
ditional patient information was obtained through retro-
spective review of hospital and office records as well as
through radiologic studies. Only patients treated with an
Ancure graft and having complete detailed anatomic and
medical records were included in the analysis. Patients
enrolled in clinical trials or treated with other endografts
were excluded because none were used in association of
hostile-neck anatomy. Elective, open AAA patients from
the same time period were also reviewed to identify criteria
for treatment selection and the reason(s) they were not
offered EVAR. Patients without detailed preoperative ana-
tomic records were excluded.
Anatomic evaluation. Information regarding AAA
anatomy was acquired from preoperative computer tomog-
raphy (CT) scans, angiograms obtained either preopera-
tively or intraoperatively, and detailed preoperative clinical
records. Aortic diameters and extent of neck thrombus
were assessed directly from digital CT scans displayed on a
workstation. Diameter measurements were performed on
the minor axis with digital calipers. Neck angulation was
measured from arteriograms in the first 3 cm of aorta below
the renal arteries. It was defined as the angle between the
first portion of the neck and the main channel of the
infrarenal aorta (Fig 1). This method could have underes-
timated some of the angles that are predominantly in the
AP direction. Angles above the renal arteries, as well as
angulation below the first 3 cm, were not considered hostile
for endovascular repair. Neck length, the presence of a neck
bulge, or reverse taper neck was assessed from CT scans
with confirmation as needed from angiography. One au-
thor (E.D.D.) reviewed all radiologic data in consultation
with a second author (M.S.M.). Details of neck anatomy
were reviewed separately from outcomes data. When details
indicating or refuting hostile neck anatomy were noted by
the surgeon in the preoperative record, these observations
were compared with measurements made during the retro-
spective review. In the event of a discrepancy, the operating
surgeon was consulted to resolve whether hostile neck
anatomy was present.
Definitions of hostile neck anatomy were established as
(1) short neck—a distance of less than or equal to 10 mm
From the Division of Vascular Surgery, University of Pittsburgh Medical
Center.
Competition of interest: Satish Muluk has worked as a consultant for
Medtronic Co. Michel S. Makaroun has received research grants from
Guidant, W. L. Gore, Medtronic and Edwards Life Sciences. Michel S.
Makaroun has received honoraria from Guidant and W. L. Gore.
Presented at the Thirty-first Annual Meeting of the Society for Clinical
Vascular Surgery, Miami, Fla, Mar 5-9, 2003.
Reprint requests: Michel S. Makaroun, MD, Division of Vascular Surgery,
University of Pittsburgh Medical Center, Suite A-1011, PUH, 200 Lo-
throp Street, Pittsburgh PA 15213 (e-mail: makarounms@msx.
upmc.edu).
J Vasc Surg 2003;38:657-63.
Copyright © 2003 by The Society for Vascular Surgery.
0741-5214/2003/$30.00  0
doi:10.1016/S0741-5214(03)00738-9
657
between the most caudal renal artery and the beginning of
the aneurysm exceeding 26 mm in diameter, (2) neck
bulge—a focal enlargement of the aneurysm neck of at least
3 mm within the first 15 mm after the most caudal renal
artery, (3) reverse taper—gradual neck dilation of greater
than or equal to 2 mm within the first 10 mm after the most
caudal renal artery, (4) angulated neck—aortic angle of at
least 60 degrees within the first 30 mm after the most
caudal renal artery, and (5) significant neck thrombus—
thrombus covering more than 50% of the circumference of
the aortic diameter in the proximal neck. These definitions
are consistent with published criteria for “severe” (highest
grade) neck anatomy.12 Examples of each type of anatomic
variant, all in patients from the bad-neck cohort, can be
seen in Figs 2-6.
Patient care. Patients were referred for AAA repair to
an academic vascular surgery group in a tertiary care hospi-
tal. Before EVAR was considered, a high-quality CT scan
with 2.5- to 3.0-mm cuts was obtained in most cases.
Exceptions were allowed when a good outside CT scan
revealed a nonhostile neck and provided all necessary ana-
tomic measurements. Preoperative arteriograms were ob-
tained selectively for questionable access or neck anatomy.
Predeployment angiography with a marked catheter was
taken in the anterior-posterior plane with approximately 15
degrees of cranial-caudal angulation in all patients before
endograft selection.
The decision to proceed with EVARs was based on a
combination of clinical and anatomic features as well as the
patients’ expressed preference after extensive counseling.
The extent of unsuitable features excluding patients from
EVAR varied among the members of the group. Most
patients with hostile neck, as defined in this review, were
operated on by one surgeon (M.S.M.) with the following
anatomic guidelines. Patients had to have 7 mm of neck
length under the lowest renal artery with minimal angula-
tion, or at least 10 mm in the presence of significant
angulation. A limited amount of thrombus not exceeding
focally 4 mm in thickness was accepted in the neck irrespec-
tive of circumferential coverage as long as no intraluminal
projections existed. No thrombus was accepted at the level
of the renal orifice where the hooks were deployed. Severe
circumferential calcifications at the level of the renal orifices
also excluded the patient from EVAR with the Ancure
device. A reverse taper neck was accepted as long as it did
not exceed 26 mm within 1 cm of the renals. No degree of
neck angulation completely prohibited EVAR. However, a
combination of several hostile-neck features usually pre-
cluded EVAR, and these repairs were only undertaken in
patients considered to be physiologically unsuitable for
open procedures.
Fig 1. Estimation of aortic angle by measuring the difference
between aortic neck and infrarenal trajectories.
Fig 2. Short neck, with expansion to aneurysm arising immedi-
ately below left renal artery.
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At the time of EVAR, care was taken to deploy the
proximal hooks within the orifice of the most caudal renal
artery, which offered the best aortic tissue for fixation. In
severely angled necks, the stiff supporting wire was pulled
back from the proximal attachment site during deployment
to minimize alteration of neck anatomy. The graft was left
slightly redundant before the proximal deployment to al-
low for fabric coverage of the angulated portion of the
neck. If a proximal endoleak was detected in the operating
room, the proximal attachment system was ballooned a
second time to form a better seal to the aneurysm wall.
Later in the series, if an intraoperative leak persisted in the
presence of a severely angulated neck, an adjunctive sup-
porting stent was added to the proximal attachment site. A
P3010 Palmaz stent (Cordis Endovascular, Johnson and
Johnson Corporation, Warren, NJ) mounted on a Z Med
balloon (B. Braun Medical, Hopkinton, NY) of appropriate
diameter was most often used. Small proximal leaks were
left alone and re-evaluated at 1 month13. Follow-up visits
and CT scans were scheduled at 1 month, 1 year, and yearly
thereafter. If an endoleak was detected on the 1-month CT,
a 6-month follow-up was added. A persistent endoleak of
any kind at 6 months was considered for treatment, evalu-
ated by arteriography, and coiled if appropriate. Patients
who underwent open AAA repair had a follow-up visit 2
weeks after repair. They were followed until the attending
surgeon judged that they had recovered from the proce-
dure.
Statistics. Statistics performed included Student t test
for comparison of continuous variables and 2 analysis for
comparison of nominal data. Significance was defined as P
 .05. All variables are listed as a mean followed by a range
unless otherwise noted.
RESULTS
Database records revealed 322 EVARs performed from
October 1999 to July 2002. Patients eliminated from anal-
ysis included those in Phase II trials (n  41), patients
undergoing EVAR with other commercial grafts (n  48),
and Ancure patients for whom detailed anatomical and
clinical information was not available (n  27). The study
group consisted of 206 patients with an average follow-up
of 18 (1-43) months.
Ninety-one patients had at least one characteristic of
hostile neck anatomy and were termed “bad necks,”
whereas 115 patients did not exhibit any and were termed
“good necks.” During this same time period, 181 patients
underwent elective open repair. Complete anatomic
records were available for 165 patients. Seventeen percent
of good necks, 17.6% of bad necks, and 14.4% of open AAA
patients had a preoperative angiogram to aid in planning
the repair.
Fig 3. Prominent bulge in AAA neck1 cm below renal arteries. Fig 4. Reverse taper in AAA neck.
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Patients with good and bad necks had similar demo-
graphics and comorbidities (Table I), although patients
with bad necks were significantly older, with a significantly
higher proportion of women. Examination of patients with
hostile-neck anatomy revealed that many had more than
one hostile-neck characteristic and that a reverse taper neck
was the most common hostile-neck feature. Table II details
the numbers of patients with each type of anatomy.
Intraoperatively, four patients with severely angled
necks had adjunctive stents placed inside the attachment
system to correct proximal type 1 endoleaks. This success-
fully stopped the endoleak in all cases. No good-neck
patients required proximal stents. Five additional patients
with hostile necks and two with standard anatomy left the
operating room with small proximal endoleaks. Four of five
endoleaks in patients with bad necks and one of two en-
doleaks associated with good necks resolved by the
1-month follow-up visit. The persistent endoleak in a good
neck was successfully coiled. The patient with the persistent
proximal leak at 1 month in association with a bad neck
underwent proximal cuff placement that did not succeed in
excluding the aneurysm, and the patient refused further
intervention. This patient died 17 months after EVAR from
unrelated causes. One patient with a severely angulated
neck had intraoperative extravasation around a proximal
hook that required placement of a proximal cuff at the time
of surgery, which successfully sealed the leak.
Postoperatively, both EVAR groups had satisfactory
results in early follow-up (Tables III and IV). There were
no significant differences in morbidity or mortality, overall
incidence of endoleaks (22 GN vs 16 BN), or in proximal
endoleaks at any time after 30 days (1 GN vs 2 BN). No
patients in either group experienced graft migration. Aver-
age aneurysm diameter was similar preoperatively between
BN and GN (BN  54.8 cm, GN  53.8 cm, P  .39).
Both groups showed a significant decrease in size at last
follow-up compared to preoperative values (BN  49.9
cm, GN  48.3 cm, P .001 compared with preoperative
values for both groups). The average reduction in diameter
was equivalent between the two groups (BN  4.9 cm
decrease, GN  5.5 cm decrease, P  .30). Patients who
had proximal endoleaks that were either observed or
treated with intraoperative stenting at the time of EVAR
had an average preoperative AAA diameter of 57.7 mm,
and an average diameter of 54.1 mm at last follow-up.
Patients who underwent open AAA repair did so for a
variety of indications (Table V). The most common reasons
that dictated an open repair were related to issues of neck
anatomy. One hundred six patients had open repairs due to
renal involvement with the aneurysm or an inadequate neck
for endovascular fixation. Of these 106 patients, 50 re-
quired suprarenal or supraceliac clamping to complete the
repair. Two patients had open repair after unsuccessful
EVAR. Both of these patients were women who were
converted electively at a separate date secondary to small
iliac vessels and had successful open repairs. Both of these
attempts at EVAR involved Ancure grafts. Eight re-
operations for suprarenal extension after previous infrarenal
AAA repair were part of the 165 open repairs.
DISCUSSION
Aneurysm neck anatomy is the most critical variable
determining whether a patient can successfully undergo
endovascular treatment of an abdominal aortic aneurysm.
This series shows that, in early follow-up, EVAR can be
reliably performed in many patients with hostile-neck anat-
omy. These results have to be interpreted with caution,
however, because hostile-neck anatomy remains the pri-
mary reason for patients to undergo open AAA repair at our
institution. This clearly indicates that the Ancure endograft
is not the answer to all unfavorable neck features. Necks
larger than 26 mm obviously cannot be treated with the
Ancure, and we hesitate to offer the procedure to patients
with combined angulation and a very short neck. However,
proper individual case evaluation, coupled with an exten-
sive experience with this device and its particular behavior,
has allowed us to offer EVAR to patients previously con-
sidered unsuitable for such procedures. This report presents
the first large cohort of patients with unfavorable anatomy,
yet with good clinical outcomes that are not significantly
different from patients with standard suitable features. Be-
cause of referral patterns, this group now forms a large
proportion of patients treated at our institution. Nearly one
third of our patients undergoing EVAR and 44% (91 of
206) of patients receiving the Ancure graft now fall in a
Fig 5. Severely angulated aneurysm neck.
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group with widely recognized features of hostile neck anat-
omy. This illustrates a growing understanding of how to
suit an endovascular graft to an individual patient. We feel
that there are several graft features that facilitate EVAR in
hostile necks. Active fixation hooks embed in the aortic wall
and firmly anchor a graft in place. A deployment system
must enable exact placement of the hooks into the orifice of
the most caudal renal artery and use the best tissue for
fixation. We believe these features allow the endograft to
resist distal migration, one of the problems associated with
hostile necks and endografts that rely only on radial force
for fixation.14 Although distal migration has been reported
on rare occasions with the Ancure graft, it is usually noted
at a later date than our follow-up and is usually associated
with significant neck enlargement.15 For this reason, longer
follow-up of our patients with hostile necks is necessary
before final conclusions can be drawn.
In addition to fixation, proximal sealing is an essential
feature of the EVAR procedure. We believe that the prox-
imal attachment system of the Ancure conforms well to
unusual anatomy. The four double hooks and the self-
expanding stent form five separate components in the prox-
imal attachment zone, allowing it to be deformed and take
the shape of unusual neck features such as reversed taper
necks. An unsupported graft body also allows the proximal
portion of the endograft to conform to angulated necks and
achieve a better seal. Patients with hostile-neck anatomy
Fig 6. Computed tomography scan of a patient with significant neck thrombus 5 mm below the renal arteries.
Table I. Demographics and comorbidities in EVAR
patients
Variable Good necks Bad necks P value
Age 72.9 (49-88) 75.7 (50-91) .013
Female sex 11% 22% .038
Neck length 21.8 mm 14.4 mm .001
Angle 22 degrees 40 degrees .001
Preoperative aneurysm size 53.8 mm 54.8 mm .39
Renal failure 5.2% 4.4% .73
Hypertension 60.8% 67.0% .36
Diabetes 12.2% 8.8% .44
Coronary disease 51.3% 57.0% .40
Current smokers 13.9% 18.7% .35
Past smokers 50.4% 49.5% .88
Pulmonary disease 19.1% 17.6% .77
Family history 10.4% 15.4% .28
Symptomatic 2.6% 3.3% .77
Table II. Categories of hostile necks
Hostile-neck feature
Number of patients
affected*
Patients with single
neck feature
Short neck 37 8
Neck bulge 24 11
Reverse taper 40 11
Significant thrombus 15 9
Angulated neck 26 11
*Patients could have more than one hostile neck feature.
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did not have more endoleaks than did patients with stan-
dard anatomy. Although patients with bad necks did have
more proximal endoleaks seen in the operating room, the
majority of these resolved by the 1-month follow-up CT
scan and required no treatment. Both groups had a lower
incidence of endoleaks than has been previously reported
by our group and others, reflecting a growing experience
with patient selection and deployment of the endograft.
1,13,15
Active fixation at the proximal attachment system in
hostile-neck anatomy does carry risk. Excessive manipula-
tion or over dilation at the renal arteries can result in injury
to the aorta at that level. One of our patients with hostile
necks had extravasation at a proximal hook during place-
ment. This was successfully treated with an additional prox-
imal cuff without adverse long-term sequelae. Another
associated complication was a pseudoaneurysm at the site of
proximal fixation, most likely from hook penetration of
the aorta. This patient has a small, stable pseudoaneu-
rysm, and it is being managed with close observation.
These potentially serious complications of proximal
hooks have been managed without resorting to open
surgery.
The reports of poor results with hostile neck anatomy
are numerous,1-3,5-7 but often include a mixture of grafts,
techniques, and patient selection. Mohan et al1 reported
the EUROSTAR collaborators’ finding of a significant
association between the length and diameter of the neck
and the chance of proximal endoleak. Short, wide necks had
a significantly higher incidence of proximal endoleak, and
the authors recommended 10% to 20% oversizing of grafts
and avoiding EVAR in patients with short necks. A later
report by the EUROSTAR collaborators8 revealed that the
group of patients with the most neck angulation had the
worst early and late results, but this was also the least
healthy group of patients. The use of multiple endografts in
that series, however, limits the ability to draw general
conclusions related to graft type.
Using the AneuRx device (Medtronic, Santa Rosa,
Calif), Sternbergh et al2,14 found that patients had a higher
chance of experiencing adverse events such as death, con-
version to open repair, endoleak, or migration with increas-
ing degrees of neck angulation. They found an adverse
events risk of 70% for patients with neck angulation of 60
degrees or more. A significant rate of migration was found
at late follow-up.14 Hovsepian et al7 also used the AneuRx
and found that a short proximal neck was significantly
associated with an increase in perioperative complications
and death. The increase in mortality seen with short necks
was primarily due to myocardial infarction, and it was seen
exclusively in patients who had major intraoperative or
postoperative complications. Although the AneuRx results
can be excellent when used in suitable candidates, these
studies illustrate that this modular device without fixation is
not appropriate for hostile necks.14 Stanley et al,3 using the
Zenith endograft (William A. Cook Australia, Brisbane,
Australia), also found increasing rates of proximal en-
doleaks with short necks that exhibited a contour change of
3 mm or more. This group found that the risk of proximal
endoleak increased with every millimeter of decrease in
neck length less than 20 mm. The Zenith uses transrenal
active fixation, and it is a mostly supported modular graft.
The fixation hooks of the Zenith are above the renal
arteries, with open stent over the renal arteries. Our report
confirms the peculiarities of each device and the dangers of
extrapolating findings among devices.
Other findings of this analysis include a confirmation
that women more often have characteristics of hostile anat-
omy and that most patients who are ineligible for EVAR are
Table III. Morbidity and mortality after EVAR
Complication
Good necks
(%)
Bad necks
(%) P value
Death (perioperative) 0 1 (1.1) .26
Death (late) 6 (5.2) 4 (4.4) .79
All endoleak after 30 days 22 (19.1) 16 (17.6) .77
Proximal endoleak (30 days) 1 (0.8) 2 (2.1) .43
Procedures for endoleaks 12 (10.4) 8 (8.8) .69
Limb occlusion or stenosis 4 (3.4) 6 (6.6) .30
Other major* 2 (1.7) 2 (2.2) .81
*One aortoduodenal fistula (good neck), one prolonged ventilator depen-
dence and multiple subsequent procedures (good neck), one thoracic dis-
section postoperatively (bad neck), one pseudoaneurysm at proximal hook
(bad neck).
Table IV. Complications, listed by neck anatomy
Hostile-neck
feature
Proximal
endoleaks*
Other
endoleaks Deaths Total
Reverse taper 5 4 3 12
Short neck 5 5 4 14
Angulation 3 4 4 11
Thrombus 0 0 0 0
Neck bulge 0 2 0 2
Patients could have more than one hostile neck feature.
*Includes proximal endoleaks seen in operating room and in follow-up.
Table V. Reasons for elective open AAA repair
Reason for open repair
Number of
patients
(n  165)
Short neck 56
Suprarenal aneurysm 10
Large neck (26 mm) 34
Angulated neck 4
Extensive thrombus at neck 2
Iliac size, tortuosity 8
Patient choice/young age 14
Concomitant procedure 12
Other abdominal aneurysms 8
Marginal renal function/renal
revascularization
8
Appropriate graft off market 1
Mid-aortic stenosis 1
Patient allergy to chromium and nickel 1
Unknown 6
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denied the procedure secondary to issues of neck anatomy.
These findings correlate with other works looking at gen-
der-related anatomic issues4,16 and exclusion criteria for
EVAR.4
CONCLUSION
Neck anatomy is the major determinant for suitability
of patients for endovascular repair. With careful selection,
many patients with classic “hostile necks” can be success-
fully repaired using an unsupported unibody endograft
with active proximal fixation. Despite good success with an
ever-increasing number of patients, hostile neck anatomy
remains the predominant reason that patients are denied
EVAR.
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